Abstract -The objective of this work was to evaluate the productive and vegetative performance of the Maciel and Chimarrita peach tree cultivars grafted on six rootstocks, in a replanting area. The experiment was carried out in an area that had been previously cultivated with peach trees for more than 15 years in the municipality of Eldorado do Sul, in the state of Rio Grande do Sul, Brazil. The Maciel and Chimarrita peach tree cultivars were grafted on 'Aldrighi', 'Capdeboscq', 'Okinawa', 'Flordaguard', 'Nemaguard', and 'Umezeiro'. The 'Umezeiro' rootstock caused high plant mortality in both scions, as well as low productivity and higher alternate bearing; it also affected the qualitative and ripening attributes of the fruits of 'Chimarrita'. The 'Aldrighi', 'Capdeboscq', 'Okinawa', 'Flordaguard', and 'Nemaguard' rootstocks induced a similar yield in both scions. The trunk crosssectional area (TCSA) did not differ between rootstocks in 'Maciel', but in 'Chimarrita', TCSA was higher on 'Flordaguard' than on 'Umezeiro' in some seasons. Regarding the average of rootstocks, 'Maciel' showed higher TCSA, pruning mass, and average yield than 'Chimarrita', as well as changes in qualitative and ripening attributes. The Maciel cultivar shows the best productive performance in replanting areas, and the 'Capdeboscq' and 'Aldrighi' rootstocks induce satisfactory agronomic performance.
Introduction
Replant diseases are common in many regions of the world, occurring when stone fruit are planted on soils that have been previously cultivated with similar species (Bent et al., 2009) . The causes of replant diseases are still unknown, although many factors appear to be involved. The action of fungi, nematodes, and bacteria can be direct (parasitism) or indirect, possibly due to the hydrolysis of prunasin, through the decomposition Pesq. agropec. bras., Brasília, v.51, n.4, p.364-371, abr. 2016 DOI: 10.1590/S0100-204X2016000400009 of root tissue from previous crops, which generates hydrocyanic acid, a phytotoxic compound associated with replant diseases (Gur & Cohen, 1989; Benizri et al., 2005) . In plants, the most characteristic effects of replant diseases are the reduction of vigor and yield, besides the orchard's low longevity (Rutto & Mizutani, 2006; Bent et al., 2009 ). Soil fumigation with chemical compounds has been used as a control technique, resulting in an increase in plant growth and yield, but it still presents low efficiency levels, high implementation costs, and a risk to human health and to the environment (Leinfelder & Merwin, 2006) .
Other attempts to increase the vegetative growth of peach trees were carried out by inoculating mycorrhizal fungi in the roots. Under controlled conditions, in a substrate sterilized with formaldehyde, some mycorrhizal fungi species induced an increase in vegetative growth and improved the nutritional status of the 'Okinawa' peach tree, until 330 days after sowing (Nunes et al., 2011) . However, when the seeds were planted in soil taken from the replanting area or even from an area that had never been planted with peach trees, inoculation with mycorrhizal fungi showed no effect on plant growth or nutrition (Rutto & Mizutani, 2006) .
The use of resistant rootstocks has been recommended as a viable and efficient alternative to overcome the problems in peach tree replanting areas. Studies have shown a good performance of the 'Evrica', 'PAC 9801-02', 'ROOTPAC 40', and 'Tetra' rootstocks (Pinochet, 2010; Jiménez et al., 2011) . However, these rootstocks are not available in Brazil, where there are no known studies on the performance of different rootstocks for peach tree replanting areas.
The objective of this work was to evaluate the productive and vegetative performance of the Maciel and Chimarrita peach tree cultivars grafted on six rootstocks, in a replanting area.
Materials and Methods
The experiment was conducted in the municipality of Eldorado do Sul, in the state of Rio Grande do Sul, Brazil, in the Agricultural Experimental Station of Universidade Federal do Rio Grande do Sul (30°06'50"S, 51°39'48"W), in a Argilossolo Vermelho distrófico típico (Rhodic Ultisol). The climate of the region is humid temperate, with a hot summer, Cfa according to Köppen's classification. The average annual temperature is 18.8°C, and the average annual rainfall is 1,445 mm (Bergamaschi et al., 2013) . The area had been previously cultivated with 'Maciel'/'Capdeboscq' peach trees for more than 15 years, with a three-year period between the elimination of the orchard and the installation of the experiment. Planting was carried out in 2006, with a 1.5x5.5-m spacing (1,212 plants per hectare), in a "Y" system. The assays were performed in eight growing seasons.
The experiment was established in a randomized complete block design, with three replicates composed of five plants each, with the central three as the useful ones. The treatments were arranged in a 2x6 factorial arrangement (scion x rootstock). The 'Maciel' (dual purpose) and 'Chimarrita' (in nature) [both Prunus persica (L.) Batsch] scions were grafted on the 'Aldrighi' (P. persica), 'Capdeboscq' (P. persica), 'Flordaguard' (P. persica x P. davidiana Franch.), 'Nemaguard' (P. persica x P. davidiana), 'Okinawa' (P. persica), and 'Umezeiro' (P. mume Siebold & Zucc.) rootstocks. All rootstocks were propagated by seed, and the scions were grafted by the inverted "T" method, during the summer of 2005.
To estimate the vegetative growth of the scion/ rootstock combinations, the following were determined: trunk cross-sectional area (TCSA), using the equation TCSA (cm 2 ) = (πD 2 )/4, in which D is the diameter measured 10 cm above the grafting point (López-Ortega et al., 2016) ; and pruning mass of branches that had been removed in green pruning, in December, and in dry pruning, before the beginning of bud burst. Plant mortality was quantified in each combination annually. The productive performance was evaluated using the yield of seven seasons, from the second to the eighth year after planting. For yield estimate, the production per plant (kg) was multiplied by the actual number of plants per hectare, fixing the plant stand for the combinations that showed mortality every year. The average fruit mass (FM) was obtained by relating each plant production to the number of fruits, in all the seasons.
To determine qualitative and ripening attributes, ten fruit samples per experimental unit were collected in three seasons (2011/2012, 2012/2013, and 2013/2014 (McGuire, 1992) . A previous analysis of the qualitative and ripening data indicated significant differences only in the average of seasons, for which the analysis of variance (Anova) was carried out.
The data collected in the same experimental unit over time was analyzed as repeated measures using Proc Mixed of SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA). The covariance structure that presented the best adjustment to the data was selected, according to the Akaike (AIC) and Bayesian (BIC) criterion (Freitas et al., 2005) . For the other variables, a factorial analysis was carried out, with blocks as a random effect, also using Proc Mixed. Interactions between factors were considered significant when p≤0.25 (Perecin & Cargnelutti Filho, 2008) . When necessary, Tukey's test was performed, at 5% probability, to compare means.
Results and Discussion
Differences were observed in plant vegetative growth, productivity, survival rate, and qualitative and ripening attributes among scions grafted on different rootstocks. A scion-rootstock-year interaction regarding the TCSA variable was also found (Table 1) . Unfoldment in the analysis of each scion, over time, indicated differences among rootstocks ( Figure 1 ). In 'Chimarrita', 'Umezeiro' induced lower TCSA than the other rootstocks in 2010 and 2011, in the fourth and fifth years after planting; the other rootstocks induced similar TCSA. Furthermore, in 2012 and 2014, no difference was observed among rootstocks. In 'Maciel', the rootstocks did not affect TCSA in any of the evaluated seasons.
Some works performed in replanting areas also showed differences among rootstocks regarding TCSA. Jiménez et al. (2011) evaluated the 'Calrico' peach tree on 15 rootstocks in an area previously cultivated with peach trees for 14 years and found that, in the seventh year, the 'Garnem' and 'PADAC 9907-23' rootstocks exhibited a higher TCSA. In the 'Jesca' peach tree, the 'GF-677' x 'Nemaguard', 'Garnem', 'Monegro', and 'Felinem' interspecific hybrids induced a higher TCSA in an area previously cultivated with peach trees for more than 20 years (Alonso & Espada, 2011) . Remorini et al. (2015) assessed the performance of nine rootstocks in an area previously cultivated for 15 years with peach trees, and observed a higher TCSA in 'Flavorcrest' when grafted on the 'Barrier 1' and 'GF 677' hybrids.
In Brazilian conditions, there are no known studies concerning the performance of rootstocks in replanting areas. When evaluating the same scions and rootstocks as those of the present study, other authors obtained different trunk diameters. Comiotto et al. (2013) found that 'Umezeiro' induced lower trunk diameter than 'Flordaguard' in 'Chimarrita', as well as lower trunk diameter than 'Okinawa' in 'Maciel'. Galarça et al. (2013) , using the same combinations but in different locations, stated that 'Umezeiro' showed lower trunk diameter than 'Flordaguard', 'Aldrighi', 'Capdeboscq', 'Okinawa', and 'Nemaguard'.
Regarding pruning mass, scion-year and rootstock-year interactions were observed, indicating differences among rootstocks in the average of scions and among scions in the average of rootstocks (Table 1) . Among rootstocks, 'Umezeiro' induced lower pruning mass than the others in 2009 and 2010 (Figure 1) , whereas, between scions, 'Maciel' showed a higher pruning mass than 'Chimarrita' in 2009 , and 2012 . Remorini et al. (2015 also reported differences among rootstocks in replanting areas, in which rootstocks that induced higher TCSA showed higher pruning mass. In 'Maciel' and 'Chimarrita', in most conditions assessed by Galarça et al. (2013) , 'Umezeiro' induced a lower pruning mass. However, Comiotto et al. (2013) , using the same combinations of scion/rootstock, did not observe any differences among rootstocks. At the end of present study, the rootstocks showed similar vegetative growth. This fact might be related with the number of plants per plot, reduced in some of the combinations due to plant mortality during the experiment, which decreased the competition inside the plot. The lowest survival rate was observed in scions grafted on 'Umezeiro', which exhibited incompatibility symptoms, with breakage of the trunk in the graft zone (Table 2) . Graft incompatibility symptoms were also detected by Comiotto et al. (2013) for the same scions grafted on 'Umezeiro'. However, plant death was not observed in any of the scions on the 'Aldrighi' and 'Capdeboscq' peach trees. Other studies also showed plant mortality in replanting conditions. Remorini et al. (2015) registered maximum mortality of 20% and Jiménez et al. (2011) of 75% for tested rootstocks.
Yield showed a scion-year interaction, with differences among scions in some seasons, in the average of rootstocks (Table 1) , in which 'Maciel' had higher productivity than 'Chimarrita' in two out of seven Figure 1 . Trunk cross-sectional area (TCSA) of the 'Chimarrita' (A) and 'Maciel' (B) scions grafted on six rootstocks, until the eighth experimental year, as well as pruning mass of 'Maciel' and 'Chimarrita' in the average of rootstocks (C) and in the average of scions on six rootstocks (D), in five seasons, in a replanting area. Uppercase letters compare scions according to the F test, at 5% probability, whereas lowercase letters compare rootstocks according to Tukey's test, at 5% probability. Means followed by equal letters do not differ significantly.
ns Nonsignificant. . The yield obtained in the present study can be considered low in comparison to those of other studies in replanting areas. For 'Jesca' peach trees, Alonso et al. (2011) found that yield varied from 10 to 11 Mg ha -1 among rootstocks, in the average of seven seasons; for 'Flavorcrest', Remorini et al. (2015) reported an average yield between 7.5 and 13.9 Mg ha -1 on different rootstocks; and, for 'Calrico' on different rootstocks, Jiménez et al. (2011) observed yield from 6 to 14 Mg ha -1 . The differences between these results and those of the present study may be related to the fact that other scion and rootstocks were evaluated, which were possibly better adapted to replanting conditions. Moreover, the cited works used irrigation systems, which prevent hydric stress conditions. Yield was also below those obtained in other studies in Brazilian conditions with the same combinations of scion/rootstock. Picolotto et al. (2009) reported an average yield of 11.1 Mg ha -1 for 'Chimarrita' on 'Capdeboscq' and of 11.86 Mg ha -1 on 'Okinawa'. According to Galarça et al. (2013) , yield varied from 1.1 to 17.7 Mg ha -1 for 'Chimarrita' and from 4.3 to 25.2 Mg ha -1 for 'Maciel', on different rootstocks and in different locations. However, these studies were not conducted in replanting areas, which may affect plant growth and result in lower yield, as pointed out by Rutto & Mizutani (2006) . During the experiment, a high incidence of Monilinia fructicola for both scions was observed in any season, which caused serious damage to the fruit and also the death of new branches.
The cumulative yield showed rootstock and scion main effect ( (1) Uppercase letters compare scions according to the F test, at 5% probability, and lowercase letters compare rootstocks according to Tukey's test, at 5% probability. Means followed by equal letters do not differ significantly. ns Nonsignificant.
Pesq. agropec. bras., Brasília, v.51, n.4, p.364-371, abr. 2016 DOI: 10.1590/S0100-204X2016000400009 yield ranged from 47.2 to 62.7 Mg ha -1 , in the average of scions. These values can be considered low in comparison with those obtained by Alonso & Espada (2011) and Remorini et al. (2015) , who studied other scions in replanting conditions. This fact could be attributed to the low plant growth observed in the present study. In Brazilian conditions, the works with the same scion/rootstock combinations were carried out in a few seasons, which complicates comparisons with the results of the present study.
Both scions and rootstocks affected qualitative attributes (Table 3) . For average FM, a scion main effect was observed. 'Maciel' showed a higher FM than 'Chimarrita' in the average of rootstocks. However, FM was not affected by rootstocks. This result corroborates those of Picolotto et al. (2009) , who did not find differences among rootstocks for the 'Chimarrita' peach tree. Aspects related with fruit color also vary among rootstocks, mainly in 'Chimarrita', in which 'Umezeiro' induced lower hue and luminosity and higher C*. It should be noted that a higher hue value indicates a more reddish color of fruits, which makes them more attractive to the consumer. Changes in L* and h o were also reported by Picolotto et al. (2009) for the fruit of 'Chimarrita' peach trees grafted on different rootstocks. However, these variables were not evaluated in other studies.
Alterations were also observed in fruit ripening time due to rootstock effect (Table 4) . These changes were shown by the higher contents of SS and of the SS/TA ratio in the fruits of 'Chimarrita' on 'Umezeiro', and by the higher pulp firmness, in the average of scions, induced by 'Umezeiro'. Comiotto et al. (2013) , while evaluating the same scions and rootstocks of the present study, did not observe any differences between rootstocks for SS, but found that 'Umezeiro' induced a lower SS/TA ratio than the other rootstocks. However, Orazem et al. (2011) did report alterations in the maturation point due to rootstock effect. These authors found differences in the contents of soluble sugars and of acids among rootstocks. The rootstock effect on the (1) Uppercase letters compare scions according to the F test, at 5% probability, whereas lowercase letters compare rootstocks according to Tukey's test, at 5% probability.
(2) Average of scions.
Significant interaction when p<0.25. Means followed by equal letters do not differ significantly.
ns Nonsignificant. maturation point could be linked to a delay in the time of bud sprouting, as observed by Durner & Goffreda (1992) , or to a direct rootstock effect on the scion's metabolism, probably due to the transport of mRNA in the phloem, causing changes in gene expression (Harada, 2010) . The value obtained in the present study for the SS/AT ratio is in alignment with those of Picolotto et al. (2009) for 'Chimarrita'.
The obtained results show that 'Umezeiro' cannot be considered a good rootstock in the conditions of replanting areas for the evaluated scions, due to high plant mortality. The method of propagation by seed, which causes genetic variability, associated with replanting conditions, could have intensified the incompatibility symptoms. However, fruits produced on 'Umezeiro' showed very good quality. Therefore, new studies must be conducted with this rootstock, with other scions, in replanting conditions. Regarding the other rootstocks, it can be highlighted that 'Capdeboscq' and 'Aldrighi' did not present plant death in any of the scions, which was associated with a good productive performance.
Conclusions
1. The 'Maciel' scion presents vegetative growth and yield superior to those of 'Chimarrita' on the rootstocks evaluated in replanting conditions. 2. The 'Chimarrita' scion grafted on 'Umezeiro' shows a delay in ripening and more attractive fruits than on the other assessed rootstocks.
3. The 'Umezeiro' rootstock reduces vegetative growth and yield of scions in replanting conditions. 4. The scions grafted on 'Capdeboscq' and 'Aldrighi' display a satisfactory agronomic performance in replanting conditions.
